~/ The authors report 188 patients with acute cervical spine injury with fracture who underwent Halothoracic brace immobilization. The majority of the fractures were considered unstable. Early neurological assessment revealed 24 patients without neurological deficit. There were 164 patients with associated cervical cord injury; 84 patients with incomplete, and 80 patients with complete tetraplegia. Management consisted of skull traction and application of the Halo-thoracic brace about 1.3 weeks after admission. The average radiological union time was 11.5 weeks following a mean of 10.2 weeks of immobilization in a Halo apparatus. Satisfactory restoration of bone and ligament stability, with no significant posttreatment neck pain, was obtained in 168 cases (89%). This is comparable to the fusion rate achieved for cervical fractures in the literature. The follow-up periods range from 1 month to 6 years, with a mean of 10.8 months. The management and results in 73 patients with unilaterally and bilaterally locked facets with or without fractures are discussed. Complete tetraplegia is not considered a contraindication to Halo apparatus immobilization. The multiple factors responsible for overcoming the barrier of anesthetic skin are elucidated. Use of the Halo apparatus offers early mobilization and rehabilitation without neurological deterioration. Complications are few and insignificant.
I
N 1959, Perry and Nickel 14 first reported the use of the Halo apparatus for preoperative cervical spine immobilization. Since that time, Halo immobilization has been adapted to other situations, including cervical spine injury with fracture. 18, 23, 24 In spite of increasing popularity in the use of this device, complete tetraplegia, with its attendant anesthetic skin, is still regarded by some as a contraindication to this form of immobilization2 , 11 The purpose of this study was to determine the efficacy of Halo-thoracic brace immobilization in achieving bone and ligament stability in various kinds of cervical spine injuries, including patients without neurological deficits and patients with incomplete and complete tetraplegia. vical spine injuries in 21 patients. Wrestling, surfing, hockey, skiing, and rugby accidents were responsible for a total of 10 cases. Motorcycle accidents, an airplane crash, injury from flying or falling objects, and assault were least common causes of injury. Industrial injuries included mining and logging accidents. Initial assessment revealed normal neurological examination in 24 patients, incomplete spinal cord lesions in 84 patients, and complete tetraplegia in 80 patients. Incomplete spinal cord lesions included Brown-S&luard syndrome, central cord syndrome, anterior cord syndrome, hemiparesis, and radiculopathy (Table 2 ). In the complete tetraplegia group, 85% of the patients had last normal cord segmental levels of C-4, C-5, and C-6 according to the Michaelis method of classification. 13 The most common last normal neurological level was C-5. The neurological status of the remaining patients is shown in Fig. 2 . Bone injuries were classified according to Holdsworth's criteria. 9 Compression burst fractures were seen in 22 patients. Hyperflexion injuries with wedge fractures of the vertebral bodies and sometimes "teardrop" formations were found in 19 patients. Flexion- rotation injuries with fracture-dislocation or complex fractures were present in 55 patients. Complex fractures included fractures at different vertebral levels, with or without subluxation, involving various combinations of the body of the vertebra, the pedicles, the facets, the laminae, the spinous process, and the transverse processes. 5 The remainder of this group of patients consisted of 73 patients with locked facets, four patients with hangman's fracture, and 14 patients with odontoid fracture (Table 3) .
Treatment
The majority of patients with cervical fractures were initially treated with skull traction, using ConeBarton tongs. Once pulmonary and bowel function were satisfactory, skull traction was removed and the Halo-thoracic brace was applied. Sedation and local anesthesia were used for this procedure in adults, and general anesthesia for children. The average time for immobilization in skull tongs before Halo application was 1.3 weeks (Table 4 ). Once the Halo brace was applied, aggressive mobilization was begun by the physiotherapy team. Each patient was initially transferred to a tilt table and slowly inclined to 90 ~ If the cervical spine showed satisfactory alignment, the patient was advanced to the sitting position. When satisfactory x-ray films were obtained in the sitting position, the patient could participate in a full rehabilitation program. For completely tetraplegic patients, 15 mg of oral ephedrine was given half an hour before sitting up to prevent orthostatic hypotension. All patients had serial cervical spine x-ray films taken for periods ranging from 2 to 4 weeks. The average duration of Halo immobilization in this study was 10.2 weeks. Once radiological union was accom-R. C. C h a n , J. F. Schweigel a n d G. B. T h o m p s o n plished, the Halo-thoracic brace was removed. A Guildford or SOMI brace was fitted for 2 to 4 weeks during a further period of mobilization, and then replaced by a soft cervical collar only when the patient was in bed. The Halo-thoracic brace consists of a halo ring which is fixed to the skull by four pins. The ring is attached to a removable vest. The vest has two halves, anterior and posterior. These are lined by synthetic sheepskin which is changed once monthly as a preventive health measure. The vests vary in size, ranging from 28 to 42 in. and are available to fit the contour of the patient's chest. A patient with a complete tetraplegia with a C-5 level is shown in Fig. 3 , wearing the Halo-thoracic brace and sitting in a wheelchair.
During the 1st week of Halo application, skin checks were performed daily with the patient lying on his or her side. In the following 2 weeks, the frequency of the skin checks dropped to every other day, provided no pressure areas, erythema, or skin breakdown
FIG. 3.
A 28-year-old m a n suffering C-5 complete quadriplegia is seen mobilized in the Halo-thoracic brace.
had occurred. After the 3rd week, skin survey was carried out twice weekly until the brace was removed. The residents, the nursing staff, the physiotherapy and occupational therapy teams, and the orderlies in the Acute Spinal Cord Injury Unit were specially trained to detect and prevent skin breakdown or early decubitus ulcers. For completely tetraplegic patients, a special Roho cushion (Fig. 4) was placed in the wheelchair to decrease the possibility of sacral erythema or skin breakdown. In addition, weight shifting was carried out every 15 to 30 minutes under the direction and supervision of the physiotherapy and occupational therapy teams. This included tilting backward, leaning forward, and moving side to side to relieve pressure on the ischial tuberosities. The pins that fixed the Halo ring to the skull were tightened every 2 weeks or more frequently when required. Routine cleansing with hydrogen peroxide of the site of the Halo pins was carried out three times daily by the nursing staff or by the patients themselves.
Results of Treatment
Halo immobilization resulted in successful restoration of bone and/or ligament stability in 168 of 188 patients (89%). Union was considered to have occurred if the fracture sites appeared blurred on the x-ray film, indicating new bone formation. Plain x-ray films and tomography were used sequentially. x-ray films, was 11.5 weeks. Follow-up periods ranged from 1 month to 6 years, with a mean of 10.8 months. All patients with hangman's fractures 2~ and burst or comminuted fractures healed spontaneously (Table  3) . A 30-year-old man with an odontoid fracture at the base of the dens, and slight anterior displacement but with no neurological deficit, remained unstable after 12 weeks of Halo immobilization. 1 A 19-yearold girl, who suffered Brown-Srquard syndrome from complex multiple fractures including the posterior arch of the atlas, the spinous process of C-6, and the body of C-7, demonstrated instability on x-ray films after 12 weeks of Halo immobilization.
It is worthy of note that 60 (82%) of 73 patients with unilaterally and bilaterally locked facets eventually obtained stability following Halo-thoracic immobilization. Within this group of patients with locked facets, with or without associated fractures, 20 patients had Halo-thoracic immobilization as an adjunct to posterior wiring and fusion (Table 3) . Stable fusion was accomplished in all 20 patients, with an average follow-up period lasting 14.9 months. The remaining 53 patients underwent closed reduction and Halothoracic brace immobilization. Three patients had recurrent dislocation of the facets while in the Halo brace. Fortunately, no one developed any neurological deterioration from this complication.
Eight patients demonstrated cervical instability on flexion-extension cervical spine x-ray films, upon removal of the Halo apparatus 12 weeks after injury. A 43-year-old man suffered right C-7 radiculopathy from a right unilateral C6-7 facet lock and fracture after a motor-vehicle accident. He was discharged after uneventful closed reduction and Halo-thoracic brace immobilization. A month later, he turned with a loose Halo-thoracic brace, resulting from falling down a fright of stairs apparently after a bout of drinking. He did not suffer any neurological deficit. Halo traction was applied for 2 weeks before he was fitted with a Guildford brace. Fortunately, this was followed by good radiological union of the fracture site. Successful restoration of bone and ligament stability was found in 20 (71%) of 28 patients with minimal or no neurological deficit, as compared to 20 (80%) out of 25 patients with complete tetraplegia (Table 5) .
Patients complained of significant neck and scalp pain only when the Halo-thoracic brace was poorly fitted or when Halo pins were loose. This usually resolved with brace adjustment and pin tightening. Infection of the Halo pin site was responsible for headache and discomfort in 11 patients. All infections were superficial and cleared after changing the positions of the pins and administering vigorous local wound care (Table 6 ). Two patients developed cerebrospinal fluid leakage at the pin site, but this resolved spontaneously without further complication after a short period of immobilization in both patients. Subsequent to their discharge, four patients returned with slippage of the Halo pins. Two of these patients 
Two patients with wedge fractures and "tear-drop" formations, complete quadriplegia, and last normal neurologicallevels of C-4 and C-5 developed pressure sores over the scapula. This ultimately required Halo removal. A similar problem was encountered in two patients with fracture-dislocation of the cervical spine and complete quadriplegia. One was a 34-year-old mother of two children who had a fracture-dislocation of C4-5 and central cord syndrome after her car was involved in a rear-end collision. She underwent the uneventful application of a Halo-thoracic brace, but she developed significant right C-5 radiculopathy with radicular pain and muscle fasciculation during mobilization. After the vest was removed and traction reestablished, she obtained complete symptomatic relief. A second attempt at mobilization with a Halothoracic brace met with the same problem. Surgery 
Discussion
Conservative management, consisting of skeletal traction and/or manipulation of the cervical spine under general anesthesia or simple immobilization in a cervical collar with bed rest, has been considered the treatment of choice for acute cervical spine injuries by some authors2 ,6,s Frankel, et al., s reported two cases of instability among 218 patients who received conservative management and postural reduction of cervical spine fractures and dislocations. Burke and Tiong a reported a series of 175 cervical spine injury patients, of whom only 4.2% required delayed spinal fusion for instability after a conservative treatment regime. But the high morbidity and the psychological effects of prolonged immobilization together with prolonged hospitalization and delaying rehabilitation call for alternative approaches.
The advent of anterior cervical fusion, introduced by Bailey and Badgley, 2 Robinson and Smith, 17 and Cloward, 4 allowed early ambulation. Cloward 4 obtained solid fusion in all 11 patients who underwent anterior vertebral body fusion for acute fracture and fracture-dislocations of the cervical spine. In 1968, Raynor 16 reported stable fusion in 14 patients who had anterior interbody fusion for cervical spine injuries. Verbiest 22 performed anterolateral decompression and fusion on 47 patients who suffered fractures and dislocations of the middle and lower cervical spine. Normal or satisfactory alignment was regained in all but three of the 41 surviving patients, and all the surviving patients had solid fusion. However, two of the six patients who died suffered acute complete spinal cord transection. Surgery was thought to be responsible for the fatal outcome. In addition, the anterior surgical approach disrupts the anterior supporting ligaments of the cervical spine. Since the "posterior ligament complex" is interrupted in the majority of the cervical spinal injury cases, the anterior approach may create further instability by compromising the anterior supporting structures. Posterior wiring with or without fusion using autogenous iliac bone graft is probably the most common surgical treatment of cervical spine fractures and dislocations. Recently, Sherk and Snyder zx reviewed the literature on the posterior approach to upper cervical spine injuries. Among 386 patients, they found 46 cases that failed to fuse, giving a pseudarthrosis rate of 11.9%. In addition, the lowest fusion rate of 80% was encountered in 71 patients with fractures and dislocations at the occipitocervical level. The failed-fusion rates for C-1 to C-3 and below C-3 levels were under 10%.
Surgery is safe, and the risk is minimal in the hands of most neurosurgeons and orthopedic surgeons. Nonetheless, it is associated with possible complications. Postoperative wound infection may necessitate a second operation for wire removal and wound debridement. McLaurin, et aL, 12 reported three cases of wire breakage in 12 patients secondary to metal fatigue. Limitation of neck movement is more likely to occur in cases with multiple-level wiring and fusion. Fusion also results in additional stress at levels immediately above and below the fusion. The risk of postoperative hematoma and swelling with transient or even permanent neurological damage is lowered with meticulous hemostasis prior to the wound closure. Bone graft extrusion, absorption, subluxation, and non-union may occur. In addition, morbidity including pain at the donor site deserves to be mentioned. The low but definite risk of anesthesia is another point to be considered.
In 1978, Seljeskog 19 reported a stable union in 31 of 35 patients (86%) who had cervical spine fractures and Halo immobilization. Cooper, et al., 5 disclosed an 85% incidence of stable union in 33 patients with unstable cervical spine fractures and Halo immobilization for 3 months. SchweigeP 8 demonstrated the efficacy of Halo immobilization in all his 13 patients with odontoid fracture. Ekong, et al., 7 achieved successful bone healing and stability of the fracture sites in only 17 of 22 patients with C-2 fractures involving the odontoid process. Variations in patient population, in the severity of neurological damage, and in the degree of fracture-dislocation are probably the major factors responsible for the differing results in the two latter series. In our series, Halo immobilization restored the bone and ligament stability in 168 of 188 patients (89%). Excluding the 73 patients with locked facet(s), 108 of 115 patients (94%) healed spontaneously in the Halo-thoracic brace. This high union rate may be related to the lack of serious complications, including reapplication or major adjustment of the Halo-thoracic brace. Thus, the healing process is not interrupted. It is essential to take cervical spine x-ray films before and after Halo vest application, and every 2 to 4 weeks thereafter, to ensure good alignment. This enables the assessment of the degree of healing and whether the vertebrae are distracted, and will facilitate a stable union. 1~
Forty of 53 patients (75%) with locked facets with or without fractures who underwent closed reduction and Halo immobilization achieved stability of the cervical spine. Whether there was unilateral or bilateral facet involvement had no significant bearing on the outcome. Ten of 36 patients (28%) with unilaterally locked facets and three of 17 patients (18%) with bilaterally locked facets demonstrated instability while in the Halo-thoracic brace or after Halo brace removal. The difference is not statistically significant (p > 0.3). Associated facet fracture is an adverse factor, and may have resulted from the extensive injury to the supporting structures of the cervical spine during the trauma. The degree of neurological damage plays a minor role in the outcome of the fracture union. Successful restoration of bone and ligament stability was found in 20 of 28 patients (71%) with minimal or no neurological deficit, as compared to 20 of 25 patients (80%) with complete tetraplegia (Table  5 ). This difference is not significant by chi-square analysis (p > 0.3). In our experience, posterior wiring and fusion is effective in achieving stability of the cervical spine should dislocation occur again during or after Halo immobilization. There is another important application of Halo immobilization. It has the highest union rate when used as an adjunct to cervical fusion. 21 All 20 patients in this series with unilaterally or bilaterally locked facets who underwent open reduction, posterior wiring, and fusion followed by Halo immobilization achieved a solid fusion ( Table 5) .
The major asset of the Halo-thoracic brace immobilization is that it allows early mobilization without the risk of surgery or anesthesia. In this series, neurological deterioration with primary Halo use did not occur. Our experience shows that concern for neurological deterioration in the use of a Halo apparatus is not a major factor. The average time before Halo immobilization during which the patient was in skull tongs was 1.3 weeks in this series (Table 4) . With early mobilization, complications associated with protracted immobilization are considerably decreased. Early mobilization permits the patient to participate in a full rehabilitation program sooner. This shortens the period of acute hospitalization. 15 Early mobilization also allows the patient to adopt a more realistic attitude and to learn to cope with his disability earlier. This may be responsible for the high patient acceptance of the Halo-thoracic brace. This is the first reported series of successful utilization of Halo immobilization on a large number of patients with traumatic cervical spine fractures and complete tetraplegia. In this series, 80 (42%) of 188 patients had complete tetraplegia ( Table 2 ). The last normal neurological levels in these patients are shown in Fig. 2 . Complete tetraplegia was considered a contraindication to Halo immobilization by some authors? ,n The presence of anesthetic skin with its attendant risk of ulceration is a major concern. With close attention to skin care, especially during mobilization, skin breakdown over the scapula was encountered in only seven of 188 patients (Table 6 ). Four patients required ultimate discontinuation of Halo immobilization. Two cases of skin complications occurred before the availability of the modified Halo brace. In the modified brace, part of the plastic vest over the shoulder was removed to expose the promi- nent scapular spines and prevent pressure erythema. The physical appearance of both the regular and the modified posterior halves of the Halo-thoracic brace is shown in Fig. 5 . By adding sheepskin padding during mobilization, relieving any physical pressure when in bed, and by frequent examination, the other three patients with prominent scapular spines and slight overlying skin breakdown healed without any further complications. After reviewing all the charts in detail, especially those of patients with complete tetraplegia, skin breakdown over the buttocks was found in only four patients. There are several reasons for this. A rigid routine of frequent skin check and care is important. All the personnel in the Acute Spinal Cord Injury Unit are specially alerted to detect early skin erythema or breakdown. The family members' help and concern are invaluable in this respect. The Roho cushion (Fig. 4) is very effective in distributing the pressure points, and decreases sacral erythema over the sacral prominences. In addition, weight shifting every 15 to 30 minutes plays a significant role in preventing sacral decubitus ulcers.
Complications associated with Halo immobilization were minor and few. 5, 19 No neurological deterioration was encountered in this series. Osteomyelitis of the skull was not detected. Cervical and radicular pain secondary to nerve root compression, and involuntary muscle spasm from fractures and fracture-dislocations of the cervical spine, were relieved or improved considerably by skeletal traction and closed reduction. Significant pain was encountered in two patients with a well fitted Halo brace ( Table 6 ). The etiology of radicular pain in these two patients during mobilization is unclear. Computerized tomography scanning at the appropriate foramen might have provided an insight into the cause of the trouble. There were 11 patients with pin-site infections (Table 6 ). All infections were superficial and resolved after the position of the pin site was changed and vigorous local wound care given. Frequent inspection and pin-site cleansing three times daily helped to decrease the incidence of infection. Two patients developed cerebrospinal fluid leakage at the pin site, which resolved spontaneously after a short period of immobilization. Subsequent to their discharge, four patients returned with slippage of the Halo pins. Two of them required reapplication of the Halo-thoracic brace.
Summary
We reviewed 188 patients with acute cervical spine injuries who underwent Halo-thoracic brace immobilization for 10.2 weeks. The average duration of immobilization in skull tongs before Halo application was 1.3 weeks. Successful restoration of bone and ligament stability was accomplished after 11.5 weeks in 168 cases (89%), as judged by flexion and extension cervical spine x-ray films and tomography. The average follow-up period was 10.8 months. Complications were few and insignificant, with no noteworthy residual neck or arm pain. No neurological deterioration was encountered in this series. Use of the Halo brace offers early mobilization and rehabilitation, and shortens the length of hospital stay. It has high patient acceptance. The percentage of stable union achieved by Halo-thoracic brace immobilization is comparable to that of operative fusion as stated in the literature. Halo immobilization is also an effective adjunct to cervical fusion. In our opinion, complete tetraplegia is not a contraindication to Halo immobilization. The reasons for its success have been discussed. We recommend Halo-thoracic brace immobilization for all types of acute cervical spine injuries, with or without cord trauma.
